Establishment of lysogeny in bacteriophage 186. DNA binding and transcriptional activation by the CII protein.
The CII protein of bacteriophage 186 is a transcriptional activator of the helix-turn helix family required for establishment of the lysogenic state. DNA binding by 186 CII is unusual in that the invertedly repeated half sites are separated by 20 base pairs, or two turns of the DNA helix, rather than the one turn usually associated with this class of proteins. Here, we investigate quantitatively the DNA binding properties of CII and its interaction with RNA polymerase at the establishment promoter, p(E). The stoichiometry of CII binding was determined by sedimentation equilibrium experiments using a fluorescein-labeled oligonucleotide and purified CII. These experiments indicate that the CII species bound to DNA is a dimer, with additional weak binding of a tetrameric species at high concentrations. Examination of the thermodynamic linkages between CII self-association and DNA binding shows that CII binds to the DNA as a preformed dimer (binding free energy, 9.9 kcal/mol at 4 degrees C) rather than by association of monomers on the DNA. CII binding induces in the DNA a bend of 41 (+/- 5) degrees. The spacing between the binding half sites was shown to be important for CII binding, insertion or removal of just 1 base pair significantly reducing the affinity for CII. Removal of 5 or 10 base pairs between binding half sites eliminated binding, as did insertion of an additional 10 base pairs. CII binding at p(E) was improved marginally by the presence of RNA polymerase (DeltaDeltaG = -0.5 (+/- 0.3) kcal/mol). In contrast, the binding of RNA polymerase at p(E) was undetectable in the absence of CII but was improved markedly by the presence of CII. Thus, CII appears to recruit RNA polymerase to the promoter. The nature of the base pair changes in mutant phage, selected by their inability to establish lysogeny, are consistent with this mechanism of CII action.